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Psychological stress, cancer incidence and mortality
from non-malignant diseases
C Johansen and JH Olsen
Danish Cancer Society, Division for Cancer Epidemiology, Strandboulevarden 49, DK-2100 Copenhagen, Denmark
Summary Psychological stress has been claimed to contribute to the onset of cancer and to increase mortality from a number of non-
malignant diseases. We investigated the effect of a genuine psychological stressor, i.e. cancer in a child, on the incidence of cancer and
mortality from non-malignant diseases of 11 231 parents in a Danish nationwide population-based study. The children were identified from
records in the Danish Cancer Registry for the period 1943-85; their parents were identified from population registers. Overall, 1665 parental
malignancies were diagnosed from the date the cancer of the child was reported until 1992, compared with 1702 expected from national
incidence rates, yielding standardized incidence ratios of 1.0 (95% confidence interval, 0.9-1.0) for all parents, 1.0 for mothers and 1.0 for
fathers. No statistically significant deviation of the relative risk from unity was seen for any period offollow-up afterthe stressful event, and no
excess risk was seen for any particular type of cancer. Moreover, a total of 2137 parental deaths were observed over the period 1974-92,
compared with 2333 expected from national mortality rates, giving an overall standardized mortality ratio of 0.9 (range 0.9-1.0). No excess
mortality was seen from causes associated with allergic illness, autoimmune conditions, chronic illness or changes in behaviour. Our data
provide no support for the hypothesis of an association between psychological stress and the incidence of cancer or mortality from non-
malignant diseases. We conclude that the human organism is highly adaptable, even to extreme psychological stress.
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Many patients attribute theirillness to emotional stress. The loss of
an important relationship, e.g. a spouse, by death or divorce or
other adverse life events has been associated with the subsequent
onset or exacerbation of many types of illness (Petrich and
Holmes, 1977; Fisher et al, 1982; Temkin and Davis, 1984;
Anderson et al, 1985; Glaser et al, 1985; Winza et al, 1991; Rahe,
1994) and with increased mortality (Iversen et al, 1987; Moser et
al, 1987; Bullman and Kang, 1994). The results of some
case-control studies have been interpreted as showing that
stressful life events contribute to the onset of cancer, a mutational
disease (Scherg and Blomke, 1988; Forsen, 1991; Kune et al,
1991; Courtney et al, 1993; Chen et al, 1995). The prevailing
hypothesis for an association is that stressful events lead to tran-
sient impairment of immune function in the organism, which in
turn predispose to the initiation and progression of various patho-
physiological processes, including infectious, allergic, autoim-
mune and neoplastic diseases (Ader et al, 1995). A recent example
that provides evidence for the existence of such a pathway is
impaired wound healing in persons who are caring for a relative
with Alzheimer's disease (Kiecolt-Glaser et al, 1995). Increased
cancer incidence has been observed in patients with various well-
defined immunodeficiency states (Kinlen et al, 1985; Rabkin and
Yellin, 1994; Birkeland et al, 1995). In the large long-term follow-
up study reported here, we investigated the unconfounded effect of
a genuine psychological stressor, i.e. learning that one's child
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has cancer, the course oftreatment and care and finally the experi-
ence ofthe child's death, on the cancer incidence and mortality of
the parents.
METHODS
Our study population comprised 11 318 parents, 5716 mothers
(98.4%) and 5602 fathers (96.5%), of 5807 children in whom
cancer had been diagnosed before the age of 15 during the period
1943-85 (Table 1). The parents of 22 children born outside
Denmark and the parents of37 adopted children were not included
in these figures, nor were 24 pairs of parents with two children
with cancer and one pair with three children with cancer, and
hence the study groups are slightly different from those reported in
an earlierpublication (Olsen et al, 1995). All children were identi-
fied through the files of the Danish Cancer Registry, which
provided information on the tumour, the name and sex ofthe child,
the date of birth and the date of death if deceased (Jensen et al,
1985). For children alive on 1 April 1968, when the Central
Population Register was established, or born after that date, a
unique personal identity number was also available.
Parents were traced by means of computerized record linkage
with the Central Population Register, using the personal identifica-
tion number of the children with cancer as the key identifier, or -
for families in which the child with cancer or the parent had died
before 1 April 1968 - through a manual search of the files of the
local population register of the municipality in which the family
resided at the time of diagnosis of cancer (Table 1). Parents were
verifiedby name, date ofbirth (or identification number ifalive on
1 April 1968) and by date of death or emigration if deceased or
emigrated. More details on material and tracing procedures are
given elsewhere (Olsen et al, 1990, 1995). Data on the parents
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Table 1 Descriptive characteristics of children in whom cancer was
diagnosed (1943-85) and their vital status on 31 December 1992
Characteristic Number Per cent
Sex
Both 5807 100.0
Female 2535 43.7
Male 3272 56.3
Age at diagnosis (years)
0-4 2770 47.7
5-9 1557 26.8
10-14 1480 25.5
Year of diagnosis
1943-57 1942 33.4
1958-71 1996 34.4
1972-85 1869 32.2
Vital status on 31 December 1992
Alive 1591 27.4
Deceased 4216 72.6
Table 3 Observed numbers (Obs) of cancers and standardized incidence
ratios (SIR) among 11 231 parents whose child developed cancer
Site of parental cancer Obs Exp SIR 95%CI
Hormone-related organs
Breast 198 200.4 1.0 0.9-1.1
Corpus uteri 46 46.8 1.0 0.7-1.3
Ovary 34 46.5 0.7 0.5-1.0
Prostate 80 80.7 1.0 0.8-1.2
Virus and immune-related cancers
Non-melanoma skin cancer 190 197.6 1.0 0.8-1.1
Non-Hodgkin's lymphoma 27 31.9 0.9 0.6-1.2
Hodgkin's disease 9 8.7 1.0 0.5-2.0
Leukaemias 43 37.2 1.2 0.8-1.6
Liver cancer 14 14.0 1.0 0.6-1.7
Cervical cancer 77 70.5 1.1 0.9-1.4
Digestive organs (excluding liver) 365 351.5 1.0 0.9-1.1
Respiratory organs 217 254.0 0.9 0.7-1.0
Other sites 365 362.1 1.0 0.9-1.1
Exp, expected number; Cl, confidence interval.
were linked with the files of the Danish Cancer Registry by use of
the parents' personal identification number or by use of the
combined information on date ofbirth, date ofdeath and name.
The period of follow-up for cancer occurrence was from the
date around which the stressful event took place, i.e. (1) the date
of diagnosis of cancer in the child (which concerned all parents)
and (2) the date of death of the child (which concerned only a
subgroup of parents), to the date of emigration of the parent or
31 December 1992, whichever came first. Parental cancers were
classified according to the modified Danish version of the
International Classification for Diseases, Seventh Revision (1CD-
7). National incidence rates, by sex and 5-year age groups and
calendar year periods for these tumour categories, were applied to
the person-years under observation for the parental cohorts to
obtain the number of cancers expected had the cohort members
experienced the same rate of cancers as that observed in the
general population. Cause-specific mortality among parents was
obtained from the National Death Certificate files for the time
Table 2 Observed numbers (Obs) of cancers and standardized incidence
ratios (SIR) for 11 231 parents by period of follow-up after stressful event
(1943-92)
Period of Parental malignancies
follow-up (years) Obs Exp SIR 95% Cl
< 1 17 14.9 1.1 0.7-1.8
1 17 16.5 1.0 0.6-1.7
2 16 18.2 0.9 0.5-1.4
3 18 20.0 0.9 0.5-1.4
4 17 22.0 0.8 0.5-1.2
5-9 158 142.9 1.1 0.9-1.3
10-19 443 429.4 1.0 0.9-1.1
20-29 501 535.5 0.9 0.9-1.0
30-39 372 396.8 0.9 0.8-1.0
> 40 106 105.8 1.0 0.8-1.2
All periods 1665 1701.9 1.0 0.9-1.0
Exp, expected number; Cl, confidence interval.
period 1 January 1974 to 31 December 1992, and this information
was classified according to the International Classification for
Diseases, Eighth Revision (ICD-8). The expected number of
deaths was derived by applying the appropriate national cause-
specific mortality rates to the person-years under observation.
The statistical methods were chosen on the basis ofthe assump-
tion that the observed number of incident cancers or deaths in any
specific category follows a Poisson distribution. Tests of signifi-
cance and confidence intervals for the standardized incidence ratio
(SIR), taken as the ratio of observed to expected numbers of
cancers, or for the standardized mortality ratio (SMR), taken as the
ratio of observed to expected numbers of deaths from a given
cause, were calculated using the Miettinen exact confidence
limits when the observed number of end points was small; other-
wise, an accurate asymptotic approximation was used (Rothman
and Boice, 1979).
RESULTS
A total of 87 parents could not be followed up, either because they
had died before the start of the Danish Cancer Registry on 1
January 1943 (n = 10) or because they had emigrated or died
before the date of diagnosis of cancer in their child (n = 77).
Among the remaining 11 231 parents, about 279 000 person-years
were accrued after the date of diagnosis (mean 24.8 years, range
1 week to 50 years). The 8042 parents whose child died, after
exclusion of 132 parents who died before the death of their child,
accrued about 204 000 person-years of observation from the date
of death ofthe child (mean 25.4 years, range 1 week to 50 years).
(The relatively longer mean follow-up period in the subgroup of
parents with deceased children is caused by a disproportionately
high number of parents of children with cancer diagnosed in the
early study period, i.e. 1943-60, when fatality from childhood
cancer was generally high.)
All parents
Over the entire follow-up period, 1665 parental malignancies were
diagnosed, whereas 1702 were expected (Table 2), yielding an SIR
of 1.0 (95% confidence interval, 0.9-1.0), 1.0 among mothers (n =
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Table 4 Observed numbers (Obs) of deaths from selected causes and
standardized mortality ratios (SMR) among 10 611 parents of children who
developed cancer (1974-92)
Cause of death Obs Exp SMR 95% Cl
Cardiovascular disorders
Hypertensive diseases 78 69.0 1.1 0.9-1.4
Myocardial insufficiency 42 44.6 0.9 0.7-1.3
Myocardial infarct 346 394.7 0.9 0.8-1.0
Myocardial arteriosclerosis 139 191.7 0.7 0.6-0.9
Cerebrovascular diseases 169 179.5 0.9 0.8-1.1
Respiratory diseases
Asthma 9 8.5 1.0 0.5-2.0
Other respiratory diseases 85 95.0 0.9 0.7-1.1
Endocrine disorders
Diabetes mellitus 29 33.2 0.9 0.6-1.3
Other endocrine disorders 11 8.7 1.3 0.6-2.3
Neurological and mental disorders
Disseminated sclerosis 3 5.2 0.6 0.1-1.7
Parkinsonism 7 5.3 1.3 0.5-2.7
Lateral amyotrophic sclerosis 6 4.4 1.4 0.5-3.0
Other mental disorders except alcoholism 8 9.5 0.8 0.4-1.7
Behaviour-related causes
Gastric ulcer 14 16.5 0.9 0.5-1.4
Alcoholic liver cirrhosis 22 19.1 1.2 0.7-1.8
Other types of liver cirrhosis 9 16.5 0.6 0.3-1.0
Alcoholism 5 7.2 0.7 0.2-1.6
Suicide 64 67.8 0.9 0.7-1.2
Poisoning by drugs 6 2.2 2.8 1.0-5.8
Motor vehicle accident 15 21.7 0.7 0.4-1.1
All other accidents 34 42.0 0.8 0.6-1.1
Other specified causes 981 1013.5 1.0 0.9-1.0
Sudden death, unknown cause 25 26.7 0.9 0.6-1.4
Ill-defined and unspecified causes 30 50.0 0.6 0.4-0.9
All causes of death combined 2137 2333.2 0.9 0.9-1.0
Exp, expected number of deaths; Cl, confidence interval.
822) and 1.0 among fathers (n = 843). No statistically significant
deviation of the relative risk from unity was seen for any of the
periods offollow-up specified inTable 2, and noparticular trend or
pattern was apparent by increasing time from the stressful event.
This applied equally to mothers and fathers separately (not shown
in the table). Furthermore, a separate analysis stratified by
calendar period, age ofthe child and age ofthe parent at the diag-
nosis ofcancerin the index child did not change the overall pattern
(data not shown).
Table 3 shows the SIRs for site-specific cancers or groups of
cancers that are possibly influenced by psychosomatic, endocrine
or immunological mechanisms. There is no indication of a link
between such cancers and the stressful life event under study.
A reduced risk was seen, however, for lung cancer among
fathers. Figure 1 illustrates the pattern of the observed and
expected cumulative risk for cancer of the breast, malignant
lymphomas and leukaemias, and other tumours, by time from date
of diagnosis of cancer in the index child. Again, the event does
not appear to have any measurable effect on the parents' risk for
these types ofcancer.
During the period 1974-92, for which detailed mortality rates
were available, 2137 parents died from all causes, whereas 2333
deaths were expected, yielding an overall SMR of 0.9 (95%
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Figure 1 Observed (-) and expected (---) cumulative risk of parents for
cancer of the breast, malignant lymphomas and leukaemias, and all other
tumours combined, by time from date of diagnosis of cancer in their child
confidence interval, 0.9-1.0), 1.0 among mothers (0.9-1.0,
n = 844) and 0.9 among fathers (0.8-0.9, n = 1293) (Table 4).
This overall decrease was mainly as a result of significant reduc-
tions in mortality from myocardial infarct and myocardial arte-
riosclerosis; these reductions were seen for both mothers (SMRs,
0.90 and 0.62 respectively) and fathers (SMRs, 0.87 and 0.78
respectively). No significant deviation fromunity was seen for any
cause of death that has previously been associated with adverse
life events and stress, such as cerebrovascular disease, asthma,
neurological and mental disorders, or behaviour-related causes,
including suicide, alcoholism, alcoholic liver cirrhosis, motor
vehicle accidents or violence. An increase in mortality from
poisoning by drugs was, however, of marginal significance and
was based on only six deaths (Table 4).
Parents of deceased children
The incidence of cancer and mortality from non-malignant
diseases among the 8042 parents of deceased children (followed
up from date of death of the child) revealed no substantial differ-
ences from the patterns observed among all parents.
DISCUSSION
If there were a causal relationship between psychological stress
and cancer, an increased incidence ofcancer would have been seen
in our group of parents of children with cancer, regardless of the
hypothesized point of impact in the process of carcinogenesis. In
addition, we would have expected excess numbers of deaths from
causes associated with chronic illness, such as cardiovascular
diseases and allergic and autoimmune conditions, or changed
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behaviour. Our study was large enough to demonstrate such
effects, but we found no evidence to support these hypotheses. The
absence of an effect on cancer incidence and on general and
specific mortality cannot, in our opinion, be explained by insuffi-
cient exposure; a diagnosis of cancer followed by a prolonged
period of treatment and care is probably one of the most stressful
events a parent may experience. Moreover, no effect on cancer
incidence or mortality was seen in the subgroup of parents with
deceased children.
The theory of an association between life events and illness was
developed during the 1960s mainly by Rahe and Holmes (Holmes
and Rahe, 1967; Rahe, 1978) who concluded in several studies that
a cluster of social events that required changes in ongoing life
adjustment was significantly associated with the time of onset of
illness. The theory has been supported by findings in studies of
recently experienced stressful life events; these studies demon-
strated increased risks for a number of cancer types (Scherg and
Blomke, 1988; Forsen, 1991; Kune et al, 1991; Courtney et al,
1993; Chen et al, 1995), various non-malignant diseases (Petrich
and Holmes, 1977; Fisher et al, 1982; Temkin and Davis, 1984;
Andersen et al, 1985; Glaser et al, 1985; Winza et al, 1991; Rahe,
1994) and increased mortality (Iversen et al, 1987; Moser et al,
1987; Bullman and Kang, 1994).
The most consistently reported major life event preceding
cancer has been loss of an emotional relationship, e.g. death of a
spouse. Small case-control studies of male lung cancer patients
(Home, 1979), families of children with cancer (Jacobs and
Charles, 1980) and gastric cancer patients (Lehrer, 1980) and five
moderate to large case-control studies of breast cancer patients
(Bremond et al, 1986; Scherg and Blomke, 1988; Forsen, 1991;
Chen et al, 1995) reported such associations. Other types of
stressful life events, e.g. major family problems, work-related
problems and change of residence, have been associated in
case-control studies with an increased incidence of colorectal
cancers (Kune et al, 1991; Courtney et al, 1993). These studies
rely on anamnestic information about life events from patients and
control subjects, however, and recall bias is a possible explanation
of the observed associations. Patients are more likely to recall
negative events preceding their illness, especially if such events
are thought to cause the disease (Chouinard and Walter, 1995). In
addition, control subjects may refuse to participate more often than
patients because of negative life events; this leads to bias in the
selection ofstudy subjects and a possible further overestimation of
the relative risk for disease.
We have no reason to believe that our failure to find a link
between the occurrence of cancer in children and the subsequent
incidence of cancer and mortality from non-malignant diseases in
their parents is due to bias. As the childhood cancer cases were
drawn from an accurate, nationwide cancer registry, virtually all
cases of childhood cancer occurring after 1943 were identified, as
were more than 97% of the parents of the children involved; this
minimizes the possibility ofbias due to selection ofstudy subjects.
Information bias is also unlikely; the study groups were estab-
lished and parenthood determined before the files were searched
for evidence ofcancer in the parents, and the study relied on popu-
lation registers that are kept for administrative purposes. Most
interestingly, our finding of an absence of association between a
stressful event and cancer incidence is in line with the result of
other studies that relied only on information obtained from popula-
tion-based registers (Jones et al, 1984; Ewertz, 1986; Kvikstad et
al, 1994). In a short-term follow-up study ofa 1% random sample
of the 1971 census population in England and Wales, Jones et al
(1984) found little evidence of an increase in the number ofregis-
trations of cancer after the death of a spouse and only a slight
suggestion of increased mortality from cancer. Similarly, a Danish
study of 1782 breast cancer cases and 1738 control subjects found
no substantial difference in the distribution of marital status of
spouses ofcases and controls notified to the national central popu-
lation register before the breast cancer diagnosis (Ewertz, 1986).
The same conclusion of an absence of association between
bereavement and breast cancer was reported recently in a
Norwegian register-based study of 4491 incident breast cancer
cases and 44 910 population controls (Kvikstad et al, 1994). The
negative results oftwo studies ofwomen admitted to hospital for a
breast tumour biopsy further confirmed use of our method (Greer
and Morris, 1975; Schonfield, 1975), as the authors were unable to
confirm an association between previous stress and breast cancer
when interviews were conducted before the final diagnosis was
established.
Veterans of the Vietnam War have been reported to be at
increased risk for post-traumatic stress disorder and death from
suicide and accidental poisoning (Bullman and Kang, 1994), and a
significant 40-50%-increased death rate has been found among
unemployed people in Denmark, with mortality from all causes,
and particularly from suicide and accidents (Iversen et al, 1987).
These findings were obtained in large follow-up studies and were
interpreted to be due, at least partly, to an increased susceptibility
associated with psychosocial stress. In our study, we found no
excess mortality from specified causes ofdeath, including suicide,
accidents or violence. The complete absence of an effect on non-
malignant mortality may be explained by a general ability of
parents to cope with this particular stressor, i.e. a child's cancer
and subsequent death. We are inclined to interpret the findings of
the other follow-up studies as being the result of uncontrolled
confounding, e.g. war-time exposure to chemicals, drugs, alcohol
and ethical conflicts, or health-related selection ofthe work-force.
The psychological stress experienced by parents at the time of
their child's diagnosis and during the subsequent period of treat-
ment and care is probably not confounded, as childhood cancer has
no known relationship to environmental exposures (except for
ionizing radiation) or particular lifestyle factors (Doll, 1989). The
reductions seen in mortality from myocardial infarct and myocar-
dial arteriosclerosis and incidence of lung cancer among men,
however, indicate the existence ofan effect which reduces,the rates
for these lethal diseases. One may choose to denote this selection
effect as a 'healthy parenthood' effect.
In conclusion, we found no evidence of an association between
severe psychological stress and cancer incidence or mortality from
non-malignant diseases. We can think of no hypothesis to support
the widespread, generally accepted theory of such an association
that can reasonably explain the absence of an effect on cancer
incidence and mortality in our population. The human organism
seems to be highly adaptable even to extreme psychological
stress which has, after all, been a fundamental part oflife since the
origin of our species.
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